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ABSTRACT - Water is a nutrient of extreme importance for animals and must be considered vital in any rearing phase.
The increasing scarcity of this precious natural resource has concerned different segments of society in order to find solutions
for rational and sustainable use of this nutrient. Small ruminants, especially sheep and goats, have social and economic
importance due to their great ability in adapting to adverse environmental conditions and using water efficiently. Thus,
they might be a good alternative to mitigate the climate change effects and to generate foreign exchange and improving
life condition in many places of the world. The concept of water productivity for livestock production is relatively new
and there are few studies in the world, especially in Brazil. More researches and new technologies for water use in livestock
production are indispensable.
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A água e a produção de pequenos ruminantes
RESUMO - A água é um nutriente extremamente importante na vida dos animais e deve ser considerada como vital em
qualquer fase da criação. A escassez crescente deste precioso recurso natural tem provocado reações de diferentes segmentos
da sociedade na busca de soluções de uso racional e sustentável deste nutriente. Os pequenos ruminantes, especialmente os ovinos
e caprinos, são partes importantes da vida econômica e social de muitas nações pela sua ampla capacidade de adaptação às
condições adversas do ambiente e boa eficiência no uso da água, podendo ser uma das boas alternativas de mitigação dos efeitos
das mudanças climáticas, gerando divisas e melhoria das condições de vida em muitas regiões do mundo. O conceito de
produtividade de água para a produção animal é relativamente novo e ainda são recentes e escassos os estudos existentes no
mundo e em particular no Brasil. A realização de mais pesquisas e a geração de novas tecnologias de uso da água na produção
animal, hoje mais do que nunca tornam-se imprescindíveis.
Palavras-chave: balanço hídrico, caprino, mudanças climáticas, ovino, salinidade
Introduction
Water covers almost 98% of the molecules in the animal
organism (NRC, 2001). It is distributed throughout the body
including extra and intracellular fluids, which contains
respectively, from 31 to 38% and from 62 to 69% of the
overall body water. It is also considered the most abundant
and vital chemical substrate of all living beings (NRC, 2007).
Water is already scarce for more than a billion people
on the planet. If urgent measures are not adopted, one-third
of the population may be without suitable water for
consumption by 2025 (UNESCO, 2006). This possibility of
water shortage also affects livestock, and therefore all
procedures involving water use in animal production must
be reviewed.
Small ruminants, especially sheep and goats, have
social and economic importance in the entire world.
Information about feeding habits and nutrient requirements
of these animals is essential for managing their welfare and
for contributing to the livelihoods of people that depend on
them. Adequate nutrition and management of these small
ruminants are important for their maintenance in different
ecosystems from the Arctic Circle to the Sahara desert
(NRC, 2007).
The world herd of goat and sheep is greater than 1.7
billion heads. China, Australia and India are the countries
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with larger herds in the world, with approximately 30% of the
world herd. Most of these animals are found in arid and
semiarid areas of the entire world. Just as in Brazil, where
most of goat and sheep herd is found at the Northeast
region, especially in the semiarid area.
The sheep and goats herd from the Brazilian semiarid is
around 18 million heads, if an intake of 3 L/animal/day has
been  considered, 54 million of L of water/day would be
necessary to supply these animals. That amount of water
would be enough to supply 500 thousand people for one
day, considering a per capita intake of 100 L/day. This
value could be even higher if the amount of water of
feedstuffs and the water used to produce these feed are
considered, therefore the water volume required for livestock
production is high and must be used with responsibility in
order to increase its capture and use with positive effects
for the productive systems.
Despite the great importance, the subject-matter “water”
still needs more attention from scientific-technical
researches, mainly when related to animal production. Plumb
(1927) had already reported this fact and showed that the
investigation of this subject in the production system of
sheep is also too small. The number of researches and
publications with sheep and goats is increasing in Brazil
(Costa et al., 2009; Osório et al., 2009; Azevêdo et al., 2010;
Oliveira et al., 2010; Gastaldello Jr. et al., 2010), but there are
few that consider water as response variable (Neiva et al.,
2004; Ribeiro et al., 2006; Medina et al., 2009; Araújo et al.,
2009) or as the main subject of the study.
This paper aimed to show a review of national and
international literature about water and small ruminants,
presenting short discussions about related issues, such as
water balance, water productivity, virtual water and other
variables rarely evaluated in animal production.
Requirement and water sources
According to NRC (2007), the success of the nutritional
management depends on supplying enough water for an
animal so its water requirement is met by voluntary intake.
However,  determination of water requirement is a complex
process that involves the solution of a water balance
equation, where water intake (WI) must meet total water
loss (WL) and retained water (RW).
Water can be fed to the animals from three sources:
drinking water, feed water and metabolic water from nutrient
catabolism (Esminger et al., 1990). Water use or ingestion
by the animal is related to different variables: body weight;
dry matter intake; energy intake; effects of year seasons
(temperature, radiation and humidity); restriction effect
(drinking trough availability and spacing), water quality,
species, breed and different physiological stages: growing,
pregnancy and lactation (NRC, 2007).
Water from feedstuffs is an important source for the
animal. This additional water supply is more important to
the animals reared in regions with little access to drinking
water, as sheep and goats in the Brazilian semiarid region.
Succulent feed with high water concentrations and low dry
matter contents, such as forage cactus, mandacaru, fresh
grasses and legumes, forage watermelon and silage,
constitute important sources of water for goats and sheep
reared in this region.
Araujo (2009) observed that diets containing high
concentration of forage palm supplied great water amount
to the animals, higher than 4.0 L water/animal/day only from
this source. The water balance of these animals was similar
to those that ingested large amounts of water directly from
the drinking troughs.
Metabolic water is generated from nutrient catabolism
and is a strategy source of water availability for the animal.
As example, when 100 g carbohydrate is oxidated, 60 g of
water is produced. In protein oxidation 42 g of water is
generated from each 100 g of protein. In the oxidation of 100
g of fat approximately 110 g of water is produced. However,
there are water losses in the oxidation process, and in the
case of fat oxidation there is an increase of breathing with
higher water losses by the lungs, then fat hydrolysis
produces less metabolic water when compared to the
carbohydrate hydrolysis (Ensminger et al., 1990).
When different animal species and body weights are
evaluated, a first approach to estimate water use can be
obtained from the relations between water and total body
weight requirements. When water is promptly available,
total intake (WTI = intake of available water, WAI + feedstuff
water, FW) correlates with dry matter intake (DMI) for diets
with adequate nitrogen levels, which, according Forbes
(1968) and NRC (1985), cited by NRC (2007), can be expressed
by the equation: WTI = 3.86 x DMI – 0.99 (Figure 1). In this
case, a dry matter intake of 1 kg would result in a water intake
of 2.87 L.
The physiological stage also affects water ingestion.
Water requirement increases by 126% from the first to the
fifth month of gestation in sheep. Thus, water intake:dry
matter intake ratio (WI/DMI) is from 4.3 to 5.2 L/kg, in
pregnant sheep with only 1 fetus and from 7 to 8 L/kg in
sheep with two fetus. This represents almost two times the
maintenance requirement (2 to 3 L/kg) for sheep with only one
offspring and 3.5 times for sheep with twins (NRC, 2007).
Studies show that low water availability with a decreasing
feed intake can cause pregnancy toxemia in sheep.
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Santa Ines sheep presented higher water intake (3.95 L/
animal/day) at 130 days of gestation in relation to the
observed at 110 (3.21 L/animal/day) and 90 days of gestation
(3.23 L/animal/day), because fetal development demands
higher water volume to meet mother and fetus requirements,
beyond the water required for tissue synthesis and mammary
gland growth (Brito et al., 2007).
Factors that affect water intake
NRC (2007) theorizes that under standardized conditions
the water use must be related to the energy metabolism
instead of DMI. Thus, the relation between available water
intake or total water requirement with the digestible energy
intake or the metabolizable energy intake would be adequate.
Aganga (1992) reported an increase in daily water intake as
the percentage of concentrate increased in the diet of sheep
and goats (Figure 2). However, Ferreira et al. (2002) observed
smaller water intake for goats and sheep fed higher energy
levels in the diets.
In Brazil Neiva et al. (2004) and Ribeiro (2006)
corroborate with these premises working with sheep and
goats, respectively. In both researches the high intake of
dry matter and energy resulted in greater water ingestions,
independently of the species.
Exposure to high temperatures affects water use in
two ways: dry matter intake may decline, but requirements
for evaporative and cutaneous cooling increase (NRC,
2007). Luke (1987) described linear increase of water intake
by sheep as the daily maximum temperature increased
(Figure 3). In these researches, the higher temperatures
coincided with the dry season of the year and the high DM
level of the pasture.
Additionally, the temperature of the water ingested is
also an important factor because water may become a
thermal buffer in the rumen-reticulum protecting or changing
the fermentation capacity and therefore affecting the
microbial function.
Aganga (1992) studied the water use by sheep and goats
in the North of Nigeria and observed significant differences
(P<0.01) on several variables, such as water intake, expressed
in L/kg of metabolic weight, that was higher in sheep than
goats. In relation to age, older animals drank more water than
the younger ones, because the older animals had larger body
size and, consequently, required more water for proper
digestion and feed utilization. And concerning goat sex,
females tended to drink more water than males.
According to Ferreira et al. (2002), Merino Mutton
sheep drunk 48% more water than Boer goats.
Hadjigeorgiou et al. (2003) found a water intake for sheep
15% higher than goats. Lower water intake by goats has
been observed when compared to sheep and other animals,
because of the adaptation process of goats to situations
of limited water availability. The adaptation is similar to
camels, known for their ability to withstand long periods
without water (Silanikove, 2000) and their greater ability to
reduce water loss through evaporation and feces and to
concentrate urine (Robertshaw, 1982).
Similarly, Alves et al. (2007) in a study conducted in
the municipality of Petrolina, Pernambuco state, reported
that sheep ingested higher amount of water than goats.
Both species were seven months old from traditional
production systems, with no defined breed and 25 kg of
body weight at the beginning of the trial. While sheep
ingested 3.42 L of water daily, goats ingested 2.31 L/day.
The lower water intake by goats is probably due to the high
water use, and because of lower water losses by
transpiration, urine and feces.
Figure 1 - Relation between total water intake and dry matter
intake of non lactating and non pregnant sheep fed
silage (●), pelleted hay (○) or hay with large
particles (Δ). Adapted from Forbes (1968).
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Figure 2 - Water intake by goats and sheep according to the
percentage of concentrate in the diet. Adapted from
Aganga (1992).
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Aganga et al. (1986) examined the turnover of body
water using the tritiated water method, and goats presented
lower rates of turnover than sheep, thus goats are more
resistant to water scarcity and present better adaptability
to arid environments than sheep.
Besides factors related to the animal, water intake
can also be affected by the arrangement of drinking
troughs and the accessibility of the animal to points of
water supply. This factor is very much important in the
dry season, because that is when animals find low water
availability in the forages and the access to points of
water supply gets limited due to the arrangement of these
points. Often, as occurs in the Brazilian semiarid, the
water transportation to nearby locations where the animals
are kept may be crucial for the best productive
performances of the animals.
Types of diet and water intake
Animal diets are also determinant factors for water
intake. As discussed latter, succulent feedstuffs can provide
great part of the water required by the animals.
Costa et al. (2009) reported that lactating goats fed diet
containing higher levels of in natural forage cactus in
replacement with corn starch presented lower water
ingestion with no effects on milk production. Similarly,
Bispo et al. (2006) observed a decrease in water intake
directly from drinking troughs as replacing forage cactus
with elephant grass hay increased in sheep diet. Sheep fed
diets with elephant grass hay as roughage drank 3.25 L/day
while those fed diet containing forage cactus replacing
elephant grass up to 56% of DM drank 0.44 L/day.
According to Araujo (2009), who replaced in natura
forage palm with oldman saltbush and ground corn in the
diet of Santa Ines sheep, the total water intake throughout
the day ranged from 4.0 to 5.2 kg/animal/day with no effect
on the total water ingested by the animals fed different
diets. However, animals fed diets without oldman saltbush
and ground corn drank 0.4 kg/day of drinking water, with
water content of 4.1 kg/day, while those fed diets containing
82.7% of oldman saltbush hay replacing forage palm drank
3.2 kg/day, with water content of 2.0 kg/day. These authors
noticed that water excretion ranged from 1.2 to 1.5 kg/day
in feces and 1.1 to 2.3 kg/day in urine, concluding that the
amount of water absorbed by the animal organism was
similar, and source-independent.
Ribeiro (2006) related that Caninde and Moxoto goats,
naturalized in Brazil ingested as average 6.22 L/day when fed
diets ad libitum and 4.42 L when fed diets with restrained feed
at 30% of ad libitum, evidencing that feed intake is important
to determine the daily water intake of the animal and that
water intake is also a determinant factor for feed intake.
Similar result was observed by Neiva et al. (2004) in a
research conducted with Santa Ines sheep, in the
municipality of Fortaleza, Ceara state. In this work sheep fed
with higher levels of concentrate showed high water intake
(4.20 L/day) and those fed diets with low levels of concentrate
presented 3.00 L/day of water intake.
Figure 3 - Ratio between water intake and daily maximum temperature in sheep. Adapted from Luke (1987).
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Water availability and restriction on the animal
response
Water availability sometimes is limitant to herds in the
arid and semiarid regions around the world. During the dry
season, the animals ingest forage with low humidity level
and low nutritional value and have irregular and limited
access to potable water. Water intake is usually limited to
once a day, when the animal has access to a water source.
In many situations the transport of this water to the animals
is necessary.
Hadjigeorgiou et al. (2000) reported that the low
water availability for sheep happens in most productive
areas in Greece, especially in the Summer, when most
sheep are at the first half of gestation. They conducted
a study with six Karagouniko sheep evaluating the effects
of water restriction on nutrient intake and digestibility.
The treatments were: (A) water fed ad libitum throughout
the day; (B) water available for one hour a day and (C)
65% of water ingested ad libitum. The sheep from
treatment (A) ingested more water, 181.9 g/kgBW0.75,
than those from the other treatments, which did not show
significant difference among them, (B) 128.8 and (C)
117.5 g/kgBW0.75. Dry matter intake and nutrient
digestibility did not differ among the treatments, and it
was concluded that water restrictions, usually observed
during the dry season, had no effect on the nutrition of
native breed of Greek sheep.
A study was carried out to evaluate the effect of water
restriction on the performance of lactating Aardi goats at
one of the driest regions of Saudi Arabia, with average
temperature of 50oC in the summer (Alamer, 2009). The
experiment was divided into three periods (each one with
6 days): control, water restriction and dehydration. One
group had 50% and another 25% of water restriction
calculated in relation to the water ingested during the
control period. Dry matter intake decreased in both groups,
with similar values. Body weight loss, during water
restriction, was similar in both groups (8 and 6%,
respectively, for 50 and 25% water restriction groups).
Milk production reduced from 20 to 18% for groups with
50 and 25% of water restriction, respectively. This author
concluded that lactating Aardi goats under high
environmental temperatures have high ability to withstand
water restriction, but with a direct impact on animal
performance.
Water and welfare of small ruminants
Water, among other resources, is essential for animals
to adapt to adverse weather conditions, acting on the
balance of thermal comfort and providing welfare.
Water use is affected in two ways when the animals are
exposed to high temperatures: 1) decreasing dry matter
intake and 2) increasing evaporation and skin cooling. Heat
is dissipated through a set of physiological mechanisms
from intracellular points of oxidation to the skin surface,
where water can be lost by conduction, convection,
radioactive processes and evaporation. The water
vaporization is a powerful way to loose body heat in order
to achieve thermoregulation at the thermoneutrality range,
especially when the environmental temperature increases
above the high critical temperature (NRC, 2007).
Brasil et al. (2000) worked with lactating Alpine goats
under thermoneutral (TN) or thermal stress (ET)
environments and noticed that the goats under thermal
stress environment increased by 112% the daily water
intake (462.41 mLD kgBW0.75) in relation to the goats under
thermoneutral environment (218.17 mLD kgBW0.75). The
higher water intake reflects the need of body cooling by
conduction and replacement of the water evaporated by
respiratory tract and skin.
Similarly, Candido et al. (2004) and Pompeu et al. (2009)
observed higher water intake by sheep grazing pastures at
the hottest hours of the day. Candido et al. (2004) observed
this from 08:00 a.m. to 02:00 p.m., while Pompeu et al. (2009)
recorded the highest interval of water intake from 11:00 a.m.
to 02:00 p.m., showing that in the hottest periods of the day,
which are also the periods of higher grazing activity, the
“drinking water” can not be missing. McGregor (2004) made
a review about water quality and supply for goats in
Australia and gathered information about the best practices
for supplying water for goats during drought. The
observations showed that goats ingest less water than
sheep when kept under shade, but Angora goats, which has
long hair coat, drink more water than Merino sheep when
kept without shade.
A study conducted by Neiva et al. (2004) evaluated
the effect of environmental stress on performance and
physiological responses of Santa Ines sheep. The authors
found that animals kept under shade had significantly
lower water intake (282 mL/kgBW0.75) than those exposed
to direct sunlight (353 mL/kgBW0.75) under thermal stress.
These results occurred probably due to the heat exchange
between animal and environment as a response to the high
water evaporation rate of the animal tissues.
These studies indicate that water is an important
mechanism for thermoregulation in small ruminants. The
animals seek for water especially during the hottest hours
of the day and, in some cases, instead of places with
shades, water may be chosen as a strategy for heat
dissipation by the animal.
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Water stocking rate
The term “stocking rate” is usually used to express the
maximum number of animals grazing a pasture without
degrading it. The same terminology can be attributed to the
water stocking rate, which would express the amount of
water needed to meet quality and quantity for a number of
animals in a production system. However, few producers
adopt a water program practice as management routine.
Araujo & Pereira (2007), evaluating data from Porto
(2002) and Brito et al. (2005), estimated the water stocking
rate for animal production systems in the municipality of
Petrolina, Pernambuco state, in the Brazilian semiarid. The
demand for water intake in a 1-year period corresponded to
1,826,825; 1,946,910; 858,480; 295,650; 302,220 and 26,061
liters of water for 143, 889, 392, 27, 92 and 350 heads of cattle,
goats, sheep, service animals, pigs and poultry, respectively,
therefore the total demand for water was 5,256,146 liters per
year. However, only part of this demand was supplied by
the existing water sources (ponds and pits), approximately
2,775 million liters / system considering the average water
input of each system, there is a water deficit of 2,481 million
liters, almost half the demand for water.
Considering the large number of animals in the
communities and the insufficient water supply, measures
must be taken in order to enhance the technologies for
rainwater collection, groundwater use and efficient use of
water.
Producers apply several strategies to collect water for
animal use in the Brazilian semiarid: ponds, pits, small
ponds and tanks. Among them, the rural tank presents
advantages when compared to other methods. Brito et al.
(2005) evaluated the use of rural tank with 16,000 liters of
storage capacity.
The need of planning the volume of water support for
animal production systems will increase according to the
foresighted climate changes, and without this planning the
producers will be subjected to cope with serious damage to
their livestock production and also to the environment.
Water balance of sheep and goats
Water balance of the animal is the difference between
water intake and water losses by the animal.
Regarding water losses, the animal can lose water
through three main routes: urine, feces and transpiration.
The urine is an important route for the excretion of products
from metabolism that are soluble in water. Generally, when
diets enriched with protein and minerals are offered to the
animals, urine flow tends to be higher. A large amount of
water can be lost via feces, and this is highly variable
according to species. For example, goats and sheep feces
contain lower water content (60 to 65%) when compared to
cattle feces (70 to 75%). According to Aganga (1992), who
compared the water balance of Yankasa sheep and Maradi
goats in the northern Nigeria, the feed (hay) and water
intake were higher for Yankasa sheep (Table 1). The goats
produced feces with lower water concentration and had
lower water loss through urine and transpiration, based on
the metabolic weight, presenting better tolerance for arid
and semiarid environments than sheep.
A study evaluating the effect of feed restriction (0, 30
and 60%) on water balance and nutrient use in Boer ×
Saanen goats was carried out by Texeira et al. (2006). The
authors found a negative relation between dry matter intake
(CMS) and water intake (CA). The results for dry matter
intake were 102, 83, and 55 g/kgBW0.75, for water intake
were 303, 465 and 703 mL/kgBW0.75, for water loss through
feces were 62.0, 38.6 and 22.2 mL/day/ kgBW0.75 and
through urine were of 66.1, 314.6 and 563.2 mL/day/
kgBW0.75, respectively for the levels of 0, 30 and 60% of
feed restriction. The increase of water intake happened as
an attempt of the animals to reduce the hunger sensation,
Table 1 - Water balance of Yankasa sheep and Madari goat in North Nigeria
I tem Sheep Goat SE
Average body weight, kg 25.56 20.16 0.25
Metabolic body weight, kgBW0.75 10.95 8.96 0.08
Water intake, mL/kgBW0.75/day 202.53a 152.4b 8.14
Water intake by ration, mL/kgBW0.75/day 3.17 2.75 0.03
Metabolic water, mL/kgBW0.75/day 19.02a 16.95b 0.36
Water lost by feces, mL/kgBW0.75/day 16.08a 9.32b 0.84
Water lost by urine, mL/kgBW0.75/day 45.60 42.00 2.07
Water lost by transpiration, mL/kgBW0.75/day 162.40a 120.40b 6.74
Average daily urine production, mL 501.1 382.9 9.16
Daily water intake, Ml 2,218 1,364 68.79
Daily hay intake, g 500,0 375.0 -
Average daily feces production, g 362.1 208.8 10.92
SE = standard error.
Source: Aganga (1992).
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through ruminal fulfillment with water stimulating ruminal
mechanoreceptors and not due to an increase in water
requirement of animals.
Tosto et al. (2010) evaluated the water balance of goats
fed diets with forage palm and concentrate. The increase in
levels of oldman saltbush hay in the diets resulted in crescent
linear intake of water. The total water intake showed quadratic
effect just as the dietary water intake. The diet with 74.9% of
forage palm and 8.4% of oldman saltbush hay presented the
lower water balance (1.90 kg/day) and low water intake (1.60
kg/day) per kg of DM intake (Table 2). The authors concluded
that the inclusion of oldman saltbush in the diets of goats
increased the water intake and the water balance, while the
use of forage palm decreased these variables.
Water quality
Water quality is presented by a set of physical, chemical
and biological characteristics. There is a set of criteria and
standards for water quality that changes according to the
purpose (human watering, domestic use, animal watering,
recreation, industrial use, agricultural use, environmental
maintenance and others).
Water quality is extremely important for the animal, not
only for ingestion (and consequently for feed intake and
productive performance), but also for animal health because
water can be an important vehicle for chemical, physical and
biological contaminants, which should be avoided due to
the damage they cause to animals.
Some pathogenic microorganisms that are important as
biological contaminants of water: bacteria (Campylobacter
jejuni, Escherichia coli, Salmonella - 1700 spp.), virus
(adenovirus - 31 types, enteroviruses - 71 types, rotavirus),
protozoa (Balantidium coli, Entamoeba histolytica,
Giardia lamblia ) ,  and helminths (Ancylostoma
duodenale,  Ascaris  lumbricoides,  Dracunculus
medinensis and others), which use water as vehicle and
once they are ingested and installed in the animal organism,
serious damage can happen.
Wilms et al. (2002) evaluated three sources of water
supply for animals: 1 - clean, fresh water from rivers, streams
or wells, 2 - water captured in tank or water fountains,
provided in drinking troughs and 3 - direct access of the
animals to collection tanks, and observed higher water
intake of animals that received clean and fresh water from
rivers, streams and ponds, followed by the water captured
and provided in troughs and finally by the water ingested
directly at the collection tank.
National Research Council (NRC, 2007) described other
chemical contaminants like salts, toxins produced by algae
and microorganisms, beyond heavy metals, polychlorinated
biphenyls and other chemicals from agricultural or industrial
practices that may result in changes of water intake by
goats and sheep and even affect their health.
Monitoring parameters related to water quality can be
quickly performed on site with the use of kits, such as the
determination of pH values. However, in most situations
water samples must be collected and sent to laboratories,
following their recommendations for collection, storage
and shipping because some characteristics of the water are
determined by laboratory tests.
Salinity
Salinity is the total amount of mineral salts dissolved in
water. The animal tolerance to salinity changes according
to species, age, water need and physiological conditions.
Salts that are important water contaminants: carbonates,
Table 2 - Average daily values of water intake, water losses and water balance, their respective coefficient of variation (CV), coefficient
of determination (R²) and regression equations (RE) of crossbred Boer fed increasing levels of old man saltbush hay
Variable Old man saltbush hay (%) CV RE R²
8 .4 18.8 31.2 48.3
Total dry matter intake, kg/day 0.43 0.83 0.96 0.93 27.2 Yˆ  = 0.06 + 0.05X – 0.0007X² 0.53*
Water intake , mL 0.69 1.59 2.52 3.50 20.7 Yˆ  = 0.07 + 0.18X 0.87*
Water intake by ration, mL/day 2.35 2.72 2.23 0.41 33.3 Yˆ  = 1.89 + 0.08X – 0.0023X² 0.70*
Total water intake, mL/day 3.05 4.31 4.29 3.92 19.8 Yˆ  = 1.99 + 0.16X – 0.0024X² 0.32*
Water intake per kg of DM intake 1.60 3.46 3.75 2.92 50.6 Yˆ  = -0.22 + 0.26X – 0.0041X² 0.26**
Water losses by feces, mL/day 0.33 0.53 0.65 0.38 38.7 Yˆ  = 0.08 + 0.04X – 0.0006X² 0.29*
Water losses by urine, mL/day 0.81 0.88 1.00 0.78 38.0 Yˆ  = 0.87NS -
Total water losses, mL/day 1.15 1.41 1.65 1.16 36.2 Y = 1.34NS -
Water balance, mL/day 1.90 2.90 3.10 2.76 21.4 Yˆ  = 1.18 + 0.11X – 0.0016X² 0.35**
 NS – not significant; *P<0.05; **P<0.01; Adapted from Tosto et al. (2010).
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bicarbonates, sulfates, nitrates, chlorides, phosphates and
fluorides. Water with less toxic salts can cause an increase
in water intake.
Salinity is expressed as parts per millions (ppm) or as
milligrams per liter (mg/L). The level of water salinity is
frequently expressed as “Total Dissolved Solids” (TDS).
And it seems that there is no difference if the total amount
of dissolved salts or dissolved solids is composed of a
single salt or a number of salts (Boyles, 2009).
In a classic study Pierce (1957) offered water with four
levels of sodium chloride (0, 1.0, 1.5 and 2.0%) for sheep
during 15 months and observed water intake of 2.0, 3.0, 4.0
and 3.0 L/animal/day. The author reported that the
ingestion of water with up to 1% of sodium chloride did not
affect feed intake or growth performance of animals, but
from 1.5 to 2% lower feed intake and weight gain were
observed.
Wilson (1966) observed similar behavior when evaluated
the effect of different levels of salt in the diets and water fed
Merino sheep. Water intake increased of animals fed diets
with high salt concentration (2%), due to the large volume
of water needed for salt excretion.
Animals can be adapted to drink saline water, however,
a gradual addition is recommended because the abrupt
change can result in negative influence on feed and water
intake. McGregor (2004) reported that goats can accept
saline water with up to 12,500 mg TDS/L, when compared
to potable water. These animals can ingest saline water
with levels up to 9,500 mg TDS/L, with no effects on feed
intake, however higher levels decrease feed intake. The
time needed for goats to adapt to water with high levels of
salt is unknown.
Runyan & Bader (1994) reported that the supply of
water with electrical conductivity (salt content) from 8.0 to
11.0 dS/m should be limited to ruminants, including goats
and sheep. Water with conductivity higher than 11.0 dS/m
are considered as high risk to young animals, pregnant and
lactating, whereas higher than 16.0 dS/m can not be supplied
to any animal specie.
Another criterion of saline/brackish water use for the
animal watering is reported by Bagley et al. (1997). These
authors found that values of 1,000 ppm of total dissolved
salts are considered low, and the water can be fed to any
animal specie. However, concentrations of total dissolved
salts in water ranging from 1,000 to 4,999 ppm are satisfactory
for sheep and cattle without any effect on the productive
performance, but may cause temporary diarrhea or have
poor acceptance by non-adapted animals. Water with levels
ranging from 5,000 to 6,999 ppm of total dissolved salts can
also be used for sheep and cattle, but its ingestion by
animals in advanced stages of pregnancy or lactation should
be avoided.
Climate changes, water and small ruminants
Nardone et al. (2010) described the effects of climate
changes on livestock, according to the theory of global
warming. Although the adverse effects of global warming
will not happen everywhere because if temperature increases
in the cold or warm climates regions, these regions would
host a new group of animal and plant species. Still a high
increase in air temperature is forecasted for several world
regions, and in this case, semi-arid regions like Brazil would
become dry, affecting water availability by decreasing
rainfall and increasing evaporation, with consequent effects
on crops and livestock production.
The environment warming may affect production
(animal growth, weight gain, meat quality, milk and eggs),
reproductive performance, metabolism and animal health,
because of the direct effects caused by high temperatures,
as previously discussed, and of the indirect effects due the
reduced water and food availability. In a semiarid-arid
transition region, the desertification process reduces the
stocking rate of pastures and forages. Thus the strategy for
livestock will be to use crops with higher water use efficiency;
to optimize forage productivity with water and soil
management; to improve strategies to capture rain water;
and to enhance the ability of animals to withstad
environmental stress.
 Goats and sheep may be a productive alternative to
address and mitigate potential impacts of climate change
because they have great ability to adjust to adverse
environmental conditions. These animals have physiological
mechanisms that in most circumstances promote their
adaptation to most hostile environments, ensuring lower
losses in performance, maintaining good reproductive rate,
good resistance to diseases and low mortality rates. The
rearing success of sheep and mainly goats in the arid and
semiarid regions corroborate with this fact.
Water productivity on small ruminant production
According to National Geographic (2010), trillion liters
of virtual water are transferred in the global trade of
agricultural products, something comparable to the volume
of water that flows annually through the Congo River. The
main exporting regions for meat and cereals, such as Brazil,
are the greatest exporters of virtual water. To calculate the
virtual water for different meats, the amount ingested by the
animals and the amounts used for feedstuffs cultivation,
and cleaning of animal waste and facilities must be
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considered. Thus if 1 kg of bovine boned meat is considered,
15,497 L of water would be necessary. For swine and poultry
meats, respectively, it would be necessary 6,309 and 3,918
liters of water. It is estimated that the water efficiency of
utilization must double in the next 20 years to feed the
population.
Water productivity is usually defined as the produced
agricultural products: consumed water ratio. It provides a
reliable measure of the agricultural system ability to convert
water into feedstuff (Kijne et al., 2003). The livestock water
productivity (LWP), specifically, is the relation among the
net benefits of animal origin, including products and
services, and the water used and degraded during their
production (Peden et al., 2007, cited by Descheemaeker et
al., 2010). It is represented by the equation:
PL + SL
WPL =
WDP + WDG + WDV
where: PL+ SL are livestock products and services;
WDP, WDG and WDV are quantities or value of depleted,
degraded and devalued water.
A statistical model of water use in the beef cattle
production was developed in the United States by Beckett
& Oltjen (1993). This model included the ingested water by
several animal classes, the water used for the irrigation of
crop consumed by the animals, the water used in the forage
irrigation and the water used in the commercialization
process. The model estimated a water requirement of
3682 L per kilogram of boned beef for meat production that
was below the value estimated by the National Geographic
(2010). The model was most sensitive to the dressing
percentage and percentage of boned yield in carcasses of
feedlot cattle (62 and 66.7, respectively). The change of 10%
in each parameter resulted in a corresponding value of 8.6%
of water required for beef production. Supposing 10% of
increase in the number of animals, the model indicates that
it is possible to decrease the amount of water per kilogram
of boned meat by 5.2%. The authors also related that
changes on irrigated pasture management would be efficient
to decrease water use.
Surveys conducted by Embrapa Tropical Semiarid, using
a cultivation area of Tifton 85 continuously grazed by
sheep in the finishing phase, observed a degraded area of
18,250 m3/ha/year, which added to the amount of annual
rainfall (4,800 m3/ha/year) resulted in total water amount
of 23,050 m3/ha/year. Then 659.6 L of water would be
necessary to produce 1 kg dry matter of forage. In the same
season 3,200 kg of meat/ha/year were obtained. Water
intake by the animals throughout the year was 61,320 L,
approximately 2 L/animal/day in average. Thus, 0.139 kg of
meat/m3 of water were obtained and approximately 7,220 L
of water was needed to produce 1 kg of meat.
Under rainfed conditions, considering the forage buffel
grass yield cultivated at Embrapa Tropical Semiarid during
four years, 111-231 kg meat/ha/year was obtained with
cattle. When the water ingested by the animals was not
recorded, amounts from 0.022 to 0.046 kg of meat/m3 of
water were found and then 21,645 to 45,045 L of water were
needed to produce 1 kg of meat. Both situations showed
different results, because in the first one the irrigation
resulted in higher meat yield per liter of water in relation to
the second one, under rainfed conditions. However, under
rainfed condition, the total water volume was much lower
than the volume used in the irrigated area. In the presented
situations, water can be spent efficiently to produce more
feed; or lower water volumes can be used in livestock
production resulting in low yields but then water may be
applied to other uses.
According to Descheemaeker  et  a l .  (2010),
interventions are needed to increase water productivity
and should be grouped into three categories: water,
feedstuffs and animal management. Strategies for improving
LWP include feedstuff quality and obviously a careful
choice of different diet types and pasture management
practices. Water management for greater LWP includes
water conservation, through the processes of management
and integration of animal production systems and the use
of water for irrigation. Researches aiming to identify gap
in methodologies to quantify water productivity at different
scales and to improve integration between the agricultural
sectors are necessary.
Finally it should be emphasized that the concept of
water productivity for livestock production is relatively
new and the studies conducted in the world and particularly
in Brazil are recent and few. This theme, of course, will be
increasingly present in classrooms and research
institutions, because the current society requires changes
of concepts and understand that water is a scarce resource.
Professionals in the area of animal science must embrace
this cause and generate technologies to improve water
productivity indices for products of animal origin.
Final Considerations
Water is the simplest of all substances present in
food, however, to manage it is not so simple. It is an
essential nutrient in the animal life and should be
considered vital at all rearing phases. Goats and sheep,
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throughout their generations, were subjected to adaptive
processes that increased the efficiency of water use.
Despite the importance of water and the understanding of
its effects on the animal response, there is still few
information about this nutrient in Brazil. Further studies
and the generation of new technologies for water use are
indispensable, considering the climate changes forecast
and thus improving the water productivity indices in
livestock production.
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